Within the nucleus of vertebrate cells, chromosomes occupy individual territories that form at the end of metaphase when the condensed mitotic chromosomes unfold. Using microscopy, the transition from M phase to G1 is easy to observe, but once the chromosome territories have formed, the architecture of specific chromosomal regions is difficult to discern, and the mechanisms responsible for interphase chromosome decondensation are poorly understood. This lack of clarity is due in part to limitations in microscopy but also to an incomplete understanding of the components of the interphase chromatin fiber. In this issue of Cell, Hall et al. (2014) provide compelling evidence that a significant component of interphase chromatin is RNA transcribed from the repetitive portion of the genome-in particular, the LINE1 interspersed repeats. This study reawakens the concept of RNA as a component of interphase chromatin and should stimulate further investigation of a RNA-based nuclear framework or mesh being important for chromosome architecture.
The concept of chromatin-associated (caRNA) or chromosomal RNA (cRNA) is not new. In the late 1960s and early 1970s, the Bonner group argued strongly for a new class of RNA (Holmes et al., 1972) , constituting up to 10% of the chromatin mass. However, the idea gained as many (if not more) opponents as proponents because isolation of cRNA proved to be very laboratory dependent, and the lack of sequencing techniques made it impossible to unambiguously define its characteristics. By the mid-1970s, the consensus was that cRNAs probably derived from heterogeneous nuclear ribonucleoprotein (hnRNP) degradation products. Around the same time, other groups were developing techniques for studying a nuclear matrix and suggested that it had a fundamental role in regulating gene expression (Berezney and Coffey, 1974) . As with cRNAs, the nuclear matrix has been a divisive topic. The early concept of a matrix composed of structural proteins providing a platform for the transcription and replication machinery was not realized. However, images of nuclei extracted under (reasonably) physiological conditions, to remove DNA and protein, reveal a pervasive network of 10-nm-diameter core filaments rich in hnRNPs (Nickerson, 2001 ) ( Figure 1A ).
Studies of the nuclear matrix and cRNAs were held back both by significant debates on the experimental techniques used by different labs (it is said that there were more methods for preparing the nuclear matrix than researchers doing the experiments!) and by a lack of molecular tools for accurately identifying the protein and RNA components. In addition, the terminology ''nuclear matrix'' belies our current, more dynamic understanding of the nucleus.
To investigate nuclear architecture and, in particular, the Barr body of the inactive X chromosome (Xi), the Lawrence lab has previously developed approaches for using C 0 t-1 DNA as a probe for RNA fluorescence in situ hybridization (FISH) (Clemson et al., 2006) . The exact composition of human C 0 t-1 DNA is not fully characterized, but it corresponds to the highly repetitive portion of the genome and consists predominantly of satellite and interspersed repeats (SINEs and LINEs). Using C 0 t-1 as a probe for RNA FISH, Hall et al. (2014) have now shown that repetitive RNA species are abundantly associated with interphase chromatin in a variety of mammalian cell lines and tissues but are excluded from Xi. To better ascertain the behavior of the C 0 t-1 RNA, the authors used a hybrid cell line carrying a single human chromosome 4 in a mouse background. C 0 t-1 RNA FISH revealed copious RNA associated with the human chromosome territory. These RNAs are stable during interphase and do not appear to diffuse into neighboring territories, but in prophase, they disengage from the chromosome and are resynthesized in the following G1. More specifically, FISH for LINE1 RNA in the hybrid cells revealed that the 3 0 end of LINE1 repeats is highly transcribed and stably associated with the human chromosome 4. Even after biochemical extraction of 90% of DNA and histones from cells, a FISH signal for LINE1 RNA was still detectable. It is therefore tempting to speculate that LINE1 (and possibly other) RNA species are directly associated with the chromosome, creating a mesh to stabilize interphase chromatin fibers or function as a scaffold for nuclear complexes. Hall et al. (2014) took three different approaches to disrupt the observed association between RNA and interphase chromosomes. First, they expressed a dominant-negative isoform of the SAF-A protein, which has been proposed to be a nuclear matrix component (Romig et al., 1992) and has been reported to be required for XIST RNA localization on the Xi (Hasegawa et al., 2010) . The dominant-negative SAF-A triggers LINE1 dispersion from the chromosome territory. Second, RNase treatment of cells promoted chromosome condensation. Third, pharmacologically inhibiting transcription during G1 prevented the generation of chromosomeassociated RNA, and by electron microscopy, daughter cells lacking C 0 t-1 RNA exhibited condensed regions of chromatin not observed in control cells. Each of these experiments has caveats to their interpretation, and it is difficult at this stage to draw a strong direct link between the chromosome-associated RNAs and euchromatic structure, but the observations are provocative. It is tempting to speculate that the base structural state of interphase chromosomes is compact, as found in the facultative heterochromatin of the Xi, but is decondensed by transcription and stabilized by the chromosome-associated RNAs. (Naughton et al., 2010) .
The ''C value enigma'' emphasizes that genome size is unrelated to organismal complexity. In part, this is because many species have a large proportion of poorly characterized repetitive noncoding DNA. Hall et al. (2014) have shown that repetitive sequences are transcribed and that C 0 t-1/ LINE1 RNA is tightly associated with interphase chromosomes forming a structure reminiscent of a nuclear matrix ( Figure 1A) .
A complete mechanistic understanding of this interaction is yet to be determined, but preliminary data based on the dominantnegative mutant and the fact that SAF-A has both RNA-and DNA-binding domains suggest to us that SAF-A might act as an adaptor protein, potentially in concert with other proteins, linking RNAs to chromosomes ( Figure 1B) . In addition to LINE1 RNAs, a large number of other noncoding RNAs have been described. Many of these RNAs still have no wellascribed function and might also play a role in regulating nuclear and chromosome architecture. Future studies will clarify the role of these RNA-based structures and the mechanistic interactions required for regulating nuclear processes. 
